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I am in strong @greetsent with Peigenbauw*a urarment of the present 

atate of the art ia Ad. and also with hir view about the trends of vork 

in this are8 md thr nuturo of rarearch problem that are now acntral end 

aoserw PorO of our attention* f 5f0tda like t0 add IIL m 00=do that 

IVO muialy intondod to t+r@mmire some of tho point. mabe by FsiCl;anbauza, 

Pirot cm the ralationrhip betvoen the rubjeut matter of A.X. and work 

in %omentiona.l” aomputor progratnio~. It ir important to rumlire that 

there is no sharg, Bividin~ line botmen the ~r~cacharorr of A.1. aad the 

proceduras of today.8 aonwntionul l oftwaro - both oymtema ooftuare MC 

applicirtions 0oftwaxeo fiyutsns roftuurs ia crmu6rned with problem of 

language analysis and interpretation (mxurc~= $%ablarr, compilcro] and with 

Q variety of problw of aontrol and optimoiretion of resourcea that are 

bocodrre hcreaainglp oomplsn with the tivcnt of tiae ahnrinrf. The ~xYmkdurt?5 

that are being dowloped orrd wed for these problem strongly rssemble 

ia their owrall logical rtruuturr - uad akao in their technical detail - 

to heurintio proaodureo for theoron pmvlag and optfmitatioa of the 



typo otudied in A.1. readarch, Also, thsre BFO mmy appliorrtioa pi;ctkrip$s 

today in enpjneering end menagemcnt that exe oon6tructad on the baeie o? a 

codhuation of ayatematic end heurietio'methode (e.g. virin(; and location of 

conponente in intqrfited electronic modules, rtock auttinc, routa! scheduling). 

Tod@e outetendin6 exmplo of the q&cation of A.1. i&q.e to an inpartnnt 

%eel life" problem ir Feigenbawa and Laderberg’a aomputer-baaed oyatem for 

spctrom%try. 

Xt ia becoming inereueix@y almw that the edvancad pocedures of A.1, 
c’k7 

0nd the procedure8 thet direct todtky's "ueefU1" work of uoqiut& lie on BOL?O 

802-t of continuum. ?!ha key variabler in this continuum era thct mmuat of 

eystematia lmovled& evefleblr about a groblata alam, end the demee to which 

thio.knouleQe can be cffiafently exploited for the solution of specifia 

problmaa in the clam, the letter depende on the form of the available 

lUtCWl%d~%. At the one tund of the continuum vhere amount of form1 )mowlsR,p 

and its grede of utiliret~on era high we ha~e nest of today'8 "convantionnl" 

progrm8. At the other end, where the mount of eystematic tiowlsdfie MC 

its prude of utfliration are low, ve haye the generel, floxibla, only pwtly 

validated proceduree of A I . ,, where e set of relatively ve& ~rdh83-speciiic 

prfnciplee are borabined with roveral powerful heuristic methods for organizing 

0earcb proce0oo6o 

On% of the imgortent ggoalr in the development of problem solving praceduralt 

in A,X. ie to enable a user to specify directly hie m to IP computer - in 

it8 '%itial* high-level funational form - without having to specify to the 

acmputer en explicit procedure for solving it. Thie poaaibility vould he a 

major atep in the road toverdo pro(sranrring automation. It will bring the vset 

information prouesein~ paver of computer, much olooer to tho man-vith-the- 

preblm, end it vi11 perwit the appliaation of computers to e much larger ?omia 
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0f intellecturl tssks0 Uoverer, oven in this ooze the RM i5 left vith the 

rosgomibility of formlating his problem to the oomputw in a mmmw which 

prolplirae a raaaonably effioitmt solution-finding pracesso Fhre we are 

confronted vith the groblcm of problem ragraeantation, vhich, I: filly agree 

with Fsi~nbam, is today's aentral problm of A.14 In repreiwntinlf a 

problent to a nrochine the man prottidso at preoent all the kuovladge about the 

problem that the machine cm vork vith, aud aho bh p?ov~~ea it in 8 specific 

foxm which rsfleoto hir qmifio point of riav - a point of view vhicb may or 

may not ba fruitful for tho oolution-nearching procere that he is for&~ upon 

the machine, Tha question arfrw naturally vhethor it io poeoible to m&w 

mchines vith oapabilities to shift problem reprarantationr in an *approprists" 

directioor Such a aspability vi11 iadeud provide us vitb problem solving 

nuah.ines that uombino weat gaaerality aad lmmrm X have bean concerned with 

this problem in the last fev ytoars, end I feel at prasent that in order to 

realire benofioial ahiftr in problem wpramentatfoa vo na~d to knov more about 

the folloving tvo gemral queationar 

(1) How to ahooaa the basic concrgtr for a languagi;r in which problem 

oituatfons, rules for trauaitionr brtveon situations, and gonaral 

knavla%gs about the problerp aan bet e~grmmed. Tbfe is of particular 

i~ortance in "real lifea problms, where the groblon ie not fomuleted 

at the outset vittin a fomal cysten but it is ~ivon verbally or it 

inclu&~~ informtioa obtained fhm pbyricsX smeara I think tkat thir 

h the fundamntal problem in the vark on "robotics", i.e., hov to 

fond&o Ucscriptions of a phyeiasl entiroment - among the ndtitude 

of poarible dcscriptiom - that are mart appropriate for the tasks on 

handr The question of <rhoice of drnoriptioPa for ~roblemrmlemnt 

kwvledga is also fimlaaoatal for the dari* of question-anmvering: 



eyntenw with coqplox data busas. Choosing descriptions for data 

bcuraa in inforaation syriteno ir sort&a&y aa fnportant part of tha 

problem of problem regreoantationrfi ia my opinion, this is a problem 

that dase&o much crttention, and its rtudy ir likely to produce mmy 

fruitful rarulta in the art of oomputing. 

(2) Hov to proceed in the dircowwy of u8efU.l properties of 8~ problm space 

that aan be uoad to transform it into 6 rpaoe vhare search for solution 

is less c!ifi"ioult, and hov to uao thir knovledge in tho formulation of a 

'better problem solring grocedur~~ This involvea the detection of 

irrelevancism and redundaneier, the reoogxition of rqplaritiea (such 

aa oymmtries) in the apace, and the ability to form norc powerful rules 

of action (my formation Of ~PBC~OZQCW~S from roooaa) that incorporate the 

newly diacorarrd lsnwlad~a. It ir conasivtxb3.s that the fornation of 

more poverf'+~l rule0 of mtion on the basic of mv problcsm-epocific 

knwlodge is mechmiaable with idaas and techniquer arailable at Prment. 

To obtain non-trivial advtmaer in this area va must knov nom about 

~blw of form&ion type. 

The question (1) and the knmledg+creation part oi the question (2) WC+ 

outoide the reUln o? ~nadainae at preesnt. Hovwer, I think that it is innportetnt 

to start exploring then vith a riev to porrsible mechanisationa, via sg-pro&stely 

chosen aam otudieo. 
0 

A@ a lmt comnent f vould like to indi)ats that xaast of the protean (ir 

teohnique and theoretical undarstmdi~) in heuristic problem solving to date 

has centred on problem of derivation type, where the objective i(~ roughly to 

construct a path betvecn givan beundariecr~ (e.g., theorem povin~ problem). 

Problem of fOrnation tme ham x'ooeivod RO for lean attention. These problem 

0~0 moma difficult thaa derirution problems, aad they involve reasoning, from 



pooaible sohitiono to the grobhm conditiona. Many “real lifts" problerso, 

notably design problazm and diqnopitio problem, are of this typo. 

Foige~baam's opectmzetry probhan ir largely o fornation probleza. MtUly 

probltms of shift in problem re~rasent~tion u-e of formation type. 1 think 

that as ve nave mom and more into useful rbpplicrrtiom of A& to aonplex 

problenre, errd ua vu atteenpt to attain more problem rolvin& generality via 

coniputcr handling of pmblau reproeent&ions, VI ohall have to do rp~oh raore 

vork on formation problema. 


